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(54) Abstract Title 

A self-healing meshed network 

(57) A self-healing meshed network includes protection rings in the form of a series of closed loops 42,44. 
Each node-to-node link 32,34 in the network is protected by a counter-propagating link 46,48 which forms a 
part of one of the closed loops. Each closed loop preferably passes through three or four of the network nodes 
36,38,50. In the event of a cable break, traffic intended for the broken link can instead be routed into the 
protection ring at the head node, and routed back into the network at the tail node for onward transmission. 

The network is electrical, using twisted pairs or coaxial cable, or optical. Links can be uni-directional or 
bidirectional. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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MBTWORK 

TEGHNICAIi FIELD 

This invention relates to a network:, for example 
an electrical or optical network, for use in 
telecommunications or data communications. More 
specifically, the invention relates to a self-healing 
meshed network. 

DKSCRIPTION OF RBIATBP ART 

In telecommunications and other networks, the 
ability to provide automatic protection switching or 
restoration, in the case of a cable break, is a 
desirable if not an essential feature. 

in a ring network, that is one in which all the 
nodes lie on a single ring, protection switching 
systems are known which are "self -healing" . An example 
of such a system is disclosed in WO97/01907. In a true 
self-healing system, the system is able to perform 
traffic restoration without communicating with a 
central management system. This has the advantage that 
restoration can be quick. 

Restoration in a ring network is relatively easy, 
but it is more complicated in a meshed network, that 
is, a network in which there may be several possible 
paths between any two nodes in the network. One 
possibility is to let the network management system 
investigate and calculate where in the network there is 
additional capacity to handle the traffic which would 
otherwise be carried on a broken link between two 
nodes. However, this use of system management 
resources can be time-consuming. 

WO92/04787 discloses a meshed network, in which 
the network is configured as a set of logical hybrid 
rings. Each logical ring is formed from a cascade of 
(i) physical connection paths interposed with add-drop 
multiplexer nodes and (ii) cross -connect nodes. To 
reconfigure the logical rings, a management node 



communicates with the cross-connect nodes and can issue 
reconfiguration commands. This structure has the 
disadvantage that it requires signalling between nodes 
in the event of a failure, and that a signal, 
particularly in the protection paths, may need to pass 
through many more nodes than in a meshed network. 
SUMMARY OF THE INVENTION 

The present invention seeks to provide a self- 
healing meshed network which, in preferred embodiments, 
allows quick restoration with no need for signalling 
between nodes, ~ with no need for communication with the 
management system until after the restoration has been 
performed, and without requiring large amounts of 
additional equipment to achieve implementation in 

existing networks. 

According to the present invention, the network is 
made up of a plurality of physical links, and each 
physical link is protected by a link in a logical 
protection ring, each logical protection ring being in 
the form of a closed loop. 

Put another way, each node-to-node link in each 
direction is protected by a counter-propagating link 
which forms part of a respective closed protection 

ring. . ^ 

Each node includes a device for detecting a cable 
break and a device for re-routing signals intended for 
the broken link onto the protection ring. 

This arrangement has the advantages that 
restoration can be achieved quickly, without involving 
the network management system. Moreover, the system is 
easy to implement in existing networks. 
RRIBP pgSCRIPTTOM OP PRAWINGS 

Figure 1 is a schematic representation of a 
network in accordance with the invention. 

Figure 2 is a schematic representation of the 
network of Figure 1, with modifications in accordance 
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with the invention. 

Figure 3 is a schematic representation of the 
connections between three nodes forming part of a 
network in accordance with the invention. 

Figures 4 (a) -4(d) illustrate the operation of a 
network in accordance with the invention, in the event 
of a cable break. 

rtETAILED nsSCRIPTTOW Qg PRE ^gRRED EMBODIMgNTS 

Figure 1 shows a network, made up of a number of 
nodes 10, connected by a number of bidirectional node- 
to-node links 12. It will be appreciated that a real 
network will rarely be so regular, but this 
representation is sufficient to illustrate the 
principle of the present invention. 

in accordance with the invention, the network also 
includes a number of closed loops 14, such that each 
node-to-node link 12 is protected by parts of two 
counter-propagating protection rings. 

The principle of the present invention is that, in 
the event of a cable break at any point in the system, 
traffic intended for that link can instead be routed 
between the two nodes affected around the relevant 
protection ring. The reason for using a series of 
closed loops for the protection rings is that this 
allows the protection fibre to be shared, without 
requiring signalling between the nodes. 

For example, if the link 12a between nodes 10a and 
lOb is broken, traffic from node 10a to node 10b can be 
routed around protection ring 14a, and traffic from 
node 10b to node 10a can be routed around protection 
ring 14b. 

Thus, a bi-directional node-to-node link needs to 
be protected by parts of two respective protection 
rings, but a uni-direct ional node-to-node link needs to 
be protected by a part of only one counter -propagating 
protection ring. 
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It will be noted that, in the example of Figure 1, 
all of the protection rings cover only three or four 
nodes. This is because it is advantageous to make each 
ring as small* as possible (in terms of the number of 
5 nodes it covers at least, the physical size of the ring 

is less relevant) . Specifically, reducing the size of 
the rings makes it easier to plan the rings, and hence 
makes it easier to add extra nodes when required, as 
well as reducing the extra distance travelled by 

10 signals when the protection ring is in service. 

Figure 2 shows a modification of the network of 
Figure 1, which further includes two additional nodes 
18, 20, connected to the original network by respective 
bi-directional node-to-node links and one additional 

15 node-to-node link 22. It will be noted that some of 

the protection rings used in the example shown in 
Figure 1 have needed to be changed in the example shown 
in Figure 2, although this is a relatively minor 
inconvenience . 

20 Figure 3 shows in more detail the structure of a 

protection link. Two counter-propagating traffic 
fibres 32, 34 pass between two nodes 36, 3 8 along a 
four fibre link 40. Thus, along the link 40, fibre 32 
carries signals from node 36 to node 38, while fibre 34 

25 carries signals from node 38 to node 36. This link is 

protected by two counter-propagating closed loops 42, 
44, which have respective fibres 46, 48 passing between 
nodes 3 6 and 38, and also pass a third node 50. 

Each fibre 32, 34, 46, 48 has a respective monitor 

30 32m, 34m, 46m, 48m located at the input to the 

respective one of the nodes 36, 38. 

In the event of a cable break between nodes 3 6 and 
38, the monitors 32m, 34m, 46m, 48m sense the loss of 
the signal and automatic switching is carried out. 

35 Either the absence of a signal in the traffic fibre at 

the tail node, or the absence of amplifier noise or an 



idle probe signal in the protection fibre at the head 
node, can be used to detect the cable break. Of 
course, the same principle can be applied if the signal 
quality measured at. the monitors falls below a 
threshold. Thus, traffic on fibre 3 2 is switched to 
loop 42, and traffic on fibre 34 is switched to loop 
44. The head node switches the traffic into the 
protection ring, and the tail node switches the traffic 
received on the protection ring back into the main 
fibre. Of course, in the case of a bi-directional 
link, each node acts as both a head node and a tail 
node. 

After the protection switching has been carried 
out, the management system is informed, as the nodes 
send messages. 

It will be apparent from the foregoing description 
that all node-to-node equipment, for example fibre and 
amplifiers, must be doubled, but this is not thought to 
be a serious disadvantage. In the case of the cable 
itself, for example, there is usually a requirement for 
extra fibre whatever protection system is used, and the 
necessary fibre is often already in position, ready for 
use . 

Figure 4 shows in more detail two ways in which 
the switching can be carried out in the nodes, in the 
event of a cable break. The illustrated nodes form 
part of a meshed network. Thus, they can each handle 
several incoming fibres. Figure 4(a) shows an 
arrangement with three nodes 62, 64, 66, with 
respective cross -connects 62c, 64c, 66c. Respective 
uni -directional links 68, 70, 72 connect the three 
nodes, and are protected by a protection ring 74 in the 
form of a closed loop. It can be seen that the 
protection ring traverses the cross-connects 62c, 64c, 
66c in the nodes. This has the effect that all node 
equipment is doubled, which may be advantageous in its 
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Figure 4(b) shows the situation m which Imk 70 

is broken, and traffic from node 62 to node 66 is 



is oroKen, ciAi-^ x.*^- 

touted onco Che protection ring 74 via node 64 

in the arrangement of Figure 4(c), three nodes 76, 
,8, 80 have respective cross-connects 76c, 78c. 80c 
Respective uni-directional linKs 82, 34, 86 connect the 
thr!e nodes, and are protected by a protection r.ng 88 
in the for. of a closed ioop. It can be seen that^ rn 
10 this case, the protection ring does not 

cross-connects 76c, 78c, 80c in the nodes. In thrs 
case, each node includes an additional 2x2 switch. 
:"ch folds the traffic into and out of the protection 

""^'Figure 4(d) shows the situation in which linK 84 
is broken, and traffic from node 76 to node 80 is 
routed onto the protection ring 88 via node 78^ 

The networlc of the present invention can be 
electrical, using twisted pairs of wires - ^^^^^^ 

,0 cable, or optical. However, the -''^^"^^l^^l^^Z ^ 

4(c) and 4(d) is most relevant to optical -"-l^- 
an optical network, the restoration is potentially 
Independent of the signal bit rate, format or protocol. 
;ifferent signals can in principle be -"d onto the 

25 same protection ring, having arrived on different 

""^There is thus described a method of adapting an 

existing meshed network so that is "-"-^^^^J" 
h».lina without requiring excessive additional 
30 e"i;m!nt. and without placing an additional signalling 

load on the network management system. 
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CIAIMS 

1. A network, comprising a plurality of physical 
links, wherein each physical link is protected by a 
counter -propagating link in a logical protection ring, 

5 each logical protection ring being in the form of a 

closed loop. 

2. A network as claimed in claim 1, wherein each 
unidirectional link is protected by a counter- 
propagating link in a logical protection ring, 

2^0 3. A network as claimed in claim 1, wherein each 

bidirectional link is protected by a pair of counter- 
propagating links in respective different logical 
protection rings. 

4. A network as claimed in claim 1, wherein each 
15 node includes a device for detecting a cable break and 

for re-routing signals intended for the broken link 
onto the protection ring. 

5. A network as claimed in claim 4, wherein each 
device for detecting a cable break comprises means for 

20 detecting an absence of a signal. 

6. A network as claimed in claim 4, wherein each 
device for detecting a cable break comprises means for 
detecting that measured signal quality has fallen below 
a threshold. 

25 7. A node for a meshed network, comprising means 

for detecting a cable break and means for re-routing 
signals intended for a broken link onto a protection 
ring in the form of a closed loop. 
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